The core proteins of large chondroitin sulfate proteoglycans contain a C-type lectin domain. The lectin domain of one of these proteoglycans, versican, was expressed as a recombinant 15-kDa protein and shown to bind to insolubilized fucose and GIcNAc. The lectin domain showed strong binding in a gel blotting assay to a glycoprotein doublet in rat brain extracts. The binding was calcium dependent and abolished by chemical deglycosylation treatment of the ligand glycoprotein. The versican-binding glycoprotein was identified as the cell adhesion protein tenascin-R, and versican and tenascin-R were both found to be localized in the granular layer of rat cerebellum. These results show that the versican lectin domain is a binding domain with a highly targeted specificity. It may allow versican to assemble complexes containing proteoglycan, an adhesion protein, and hyaluronan.
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Versican, aggrecan, neurocan, and brevican constitute a family of chondroitin sulfate proteoglycans that form aggregates with hyaluronan (1) (2) (3) (4) . The C termini of these proteoglycans contain a C-type lectin domain, as well as epidermal growth factor-like and complement regulatory-like sequence motifs. This domain arrangement is similar to that of the selectins, which are adhesion receptors involved in leukocyte homing and extravasation at inflammatory sites (5) (6) (7) (8) .
The C-type animal lectins are defined by the presence of a calcium-dependent carbohydrate-recognition domain in which a pattern of 32 amino acid residues, spaced over a stretch of -120 amino acids, is highly conserved (9) . The lectin domains of human and chicken versican show 96% amino acid identity (10, 11) , and the human and rat versican lectin domains differ in only one amino acid (Thr-2257 in human versican replaced by Ala; Joan Lemire and Thomas N. Wight, personal communication), suggesting that the versican family lectin domains may have an important conserved function. However, very little is known about the function of these lectin domains. The aggrecan lectin domain has been shown to bind to fucose and galactose in a calcium-dependent manner (12, 13) . Recently, the recombinant C-terminal part (epidermal growth factorlike, lectin, and complement regulatory-like domains) of chicken versican was shown to bind to simple carbohydrates, as well as to heparin and heparan sulfate, in affinity chromatography (14) . A C-terminal fragment of neurocan has been reported to bind tenascin and the cell-cell adhesion proteins N-CAM and Ng-CAM (15) (16) (17) , but it is unclear if the lectin domain is responsible for these interactions.
We have studied the potential of the lectin domain of versican to function as a binding domain. Here we report that recombinant versican lectin domain, produced in mammalian cells has carbohydrate-binding activity and that it also binds the extracellular matrix glycoprotein tenascin-R (also known as J1-160/180 and janusin).
EXPERIMENTAL PROCEDURES
Materials. Antiserum against the versican lectin domain was raised against a synthetic peptide (KMFEHDFRWTDG-STLQYEN), corresponding to amino acid residues 2244-2262 (10), and affinity purified by using the peptide. The antiversican antiserum used in immunofluorescence staining was raised against recombinant intact versican (1) and affinity purified by using a bacterially expressed fragment of versican, corresponding to amino acid residues 51-354 (10 Fig. 2A) . Rat brain was chosen as a primary target since versican is prominently expressed in the brain (26, 27) , as are the other members of this proteoglycan family (2, 4, 28) . The 75-and 130-kDa bands on the blots appear to be nonspecific because they are also detected by the avidinhorseradish peroxidase conjugate alone ( Fig. 2A, control) . The binding of the lectin to the 170-and 190-kDa bands was inhibited in the presence of EDTA (Fig. 2A) .
The 170-and 190-kDa bands were also detected when blots were probed with ELC-IgG recombinant fusion protein, and this binding was also calcium dependent (Fig. 2B) .
The 170-and 190-kDa Glycoproteins React with AntiTenascin-R Antibodies. The sizes of the 170-and 190-kDa glycoproteins we detected with the biotinylated lectin suggested to us that they might be tenascin-R (29) . Furthermore, its presence in the brain and the reduction in apparent molecular mass of "20 kDa by PNGase F treatment (see Immunoblotting of brain extracts fractionated by SDS/ PAGE with either an anti-tenascin-R monoclonal antibody or the biotinylated lectin domain resulted in virtually identical staining patterns with reduced samples (Fig. 3A) . When unreduced samples were probed, the lectin and the anti-tenascin-R antibody stained the same bands, but an additional band was detected with the antibody (Fig. 3B ). This band may represent an alternative glycoform or splicing product (29) that is not reactive with the versican lectin domain and that is not seen in the reducing gel because of comigration with one of the other bands. Immunoblotting with anti-tenascin-C antiserum gave only weakly staining bands in the adult rat-brain extracts (data not shown); a strongly staining 230-kDa band and a weakly staining triplet between 210 and 220 kDa were seen in extract prepared from brains of 11-day-old rats (Fig. 3A) . The versican lectin did not bind tenascin-C in brain extracts prepared from either adult or 11-day-old rats (data not shown).
To confirm the identity of the gel bands detected with the versican lectin domain as tenascin-R, the ligand was precipitated from brain extracts by employing biotinylated versican lectin domain and streptavidin-conjugated agarose beads, and analyzed by immunoblotting. As shown in Fig. 4 , the lectin domain-bound material reacted with anti-tenascin-R. No bands were detected in the lectin domain-bound fraction when EDTA had been added to the brain extract prior to the incubation with the lectin (Fig. 4, lane 3) or when the extract was incubated with beads without the lectin domain (Fig. 4,  lane 4) .
Chemical Deglycosylation of Tenascin-R Eliminates Versican Lectin Domain Binding. When all carbohydrates were removed from brain-extract proteins through chemical deglycosylation with TFMS, versican lectin domain binding to tenascin-R was abolished (Fig. 5) . Incubation with PNGase F, which removes N-linked carbohydrates, reduced the apparent molecular mass of tenascin-R but did not decrease lectin domain binding (Fig. 5) . Incubation with Endo Hf had no effect on versican lectin binding, although concanavalin A staining of a parallel blot was decreased after the Endo Hf treatment (data not shown). V cholerae neuraminidase caused a slight reduction in the apparent molecular mass without affecting lectin domain binding (Fig. 5) . The effect of TFMS did not seem to have been caused by degradation of the protein backbones in the extracts, as judged from Ponceau S staining of the blots (data not shown) and the continued presence of the 75-and 130-kDa avidin-binding bands in the TFMS-treated lane (Fig. 5) . The size of the tenascin-R core protein in the TFMS treatment was evaluated by stopping the reaction after different incubation times. As Versican lectin domain ligand comigrates with tenascin-R. Rat-brain extract was boiled in SDS/PAGE sample buffer with (A; Reducing) or without (B; Nonreducing) 2-mercaptoethanol, electrophoresed, transferred, and probed with biotinylated versican lectin domain (VcL), as in Fig. 2 , with mouse monoclonal anti-tenascin-R antibody #596 (anti-TN-R), or with polyclonal anti-tenascin C (anti-TN-C). Tenascin-C staining in adult rat-brain extract was very weak; thus, the anti-tenascin-C lane in A shows staining in postnatal day 11 rat-brain extract, while the sample in all other lanes is adult rat-brain extract. The control lane shows the nonspecific staining by avidinhorseradish peroxidase in the absence of versican lectin domain. EDTA or without versican lectin (beads only). The lectin was then collected by addition of streptavidin-conjugated agarose beads, which were then washed and boiled in SDS/PAGE sample buffer containing reducing agent, and the solubilized sample was analyzed by immunoblotting with the anti-tenascin-R monoclonal antibody. Lane lectin domain binding to tenascin-R was lost after a 10-sec incubation in the acid, whereas anti-tenascin-R antibodies detected a band with the size of the intact core polypeptide even after 120 min (Fig. 6A ).
Versican and Tenascin-R Immunolocalization in Rat Cerebellum. Immunofluorescence staining of rat cerebellum showed versican immunoreactivity predominantly in the granular layer and to some extent also in the white matter tracts (Fig. 7A ), in agreement with previous reports (27, 30) . Tenascin-R staining was mainly found in the granular layer, but staining could also be found in the molecular layer and to a lesser extent in the white matter (Fig. 7B) , also in agreement with previous findings (18) .
DISCUSSION
We show that the lectin domain of versican interacts with fucose and GlcNAc and that it binds specifically and in a calcium-dependent manner to tenascin-R. The carbohydrate binding of versican lectin domain was demonstrated in two ways. First, the lectin domain (as well as the ELC-IgG chimera; data not shown) bound to some, but not all, simple carbohydrates. This binding was dependent on divalent cations. Similar binding to simple sugars has been observed for the lectin domain of aggrecan, another member of the same proteoglycan family (12, 13) , and recently also for the Cterminal part of the chicken homolog of versican (14) . In the latter study, only a fragment containing the ELC was found to be active in carbohydrate binding, whereas a smaller fragment composed of the epidermal growth factor-like and lectin domains was inactive. The reason for the inactivity of the smaller fragment may be that, as a bacterially produced protein, it may not have folded correctly. We have attempted bacterial expression of the versican lectin domain in two different bacterial expression systems, but in both cases the product has-been inactive (unpublished results). In contrast, the eukaryotic expression system used here yielded versican lectin domain that has carbohydrate-binding activity.
The second line of evidence supporting the function of the versican lectin domain as a lectin is the loss of binding to tenascin-R in chemically deglycosylated brain extract. Thus, the versican lectin domain would appear to be a lectin, the binding of which to tenascin-R is calcium dependent and carbohydrate directed, as is characteristic of C-type lectins (9) . However, these data regarding the possible carbohydrate nature of the versican lectin binding site in tenascin R have to be interpreted cautiously. At least one C-type lectin, the IgE receptor FceR2, binds its ligand in a carbohydrate-independent manner (31) . Moreover, the chemically deglycosylated tenascin-R could have lost its ability to bind versican lectin domain as a result of a modification in the protein backbone. Thus, whether the tenascin-R binding is purely carbohydrate mediated or might also depend on protein recognition remains to be determined.
The highly selective binding of the versican lectin to tenascin-R in brain extracts suggests that this interaction is physiologically significant. The similarity of the tissue localizations of versican and tenascin-R in cerebellum provides an additional indication of such significance. We found strong staining for both proteins in the granular layer of cerebellum and also detected both of them in the white matter. In addition, tenascin-R, but not versican, staining was observed in the molecular layer with the anti-tenascin-R used in this study. This antibody reacts with all of the isoforms of tenascin-R (18) . As one of the isoforms of tenascin-R detected in nonreducing SDS/PAGE did not react with versican lectin domain, it is possible that one or more of the tenascin-R isoforms are not present in the molecular layer and that versican-binding tenascin-R codistributes with versican more completely than is apparent from our study.
The various proteoglycan lectin domains may have different ligand specificities and functions; the versican lectin domain bound to both fucose and GlcNAc, whereas aggrecan lectin domain binds to fucose and galactose but only weakly to GlcNAc (12, 13) . Thus, the saccharide-binding specificities of the proteoglycan lectins may be related but distinct. As neurocan may bind tenascin-C (15, 32, 33) , versican and neurocan may each bind to a different member of the tenascin protein family. Both tenascins and proteoglycans have been classified as antiadhesive and have been found to be expressed in barriers of neuronal outgrowth in vivo (for review see ref. 34 ). Such specialized matrixes consisting of a proteoglycan, tenascinfamily glycoprotein, and hyaluronan may be formed as a result of the lectin interactions described in this paper.
